Objective: To evaluate the effects of a balance training program including dual-and multi-task exercises on fall-related self-efficacy, fear of falling, gait and balance performance, and physical function in older adults with osteoporosis with an increased risk of falling and to evaluate whether additional physical activity would further improve the effects. Design: Randomized controlled trial, including three groups: two intervention groups (Training, or Training+Physical activity) and one Control group, with a 12-week follow-up. Setting: Stockholm County, Sweden. Participants: Ninety-six older adults, aged 66-87, with verified osteoporosis. Interventions: A specific and progressive balance training program including dual-and multi-task three times/week for 12 weeks, and physical activity for 30 minutes, three times/week. Main measures: Fall-related self-efficacy (Falls Efficacy Scale-International), fear of falling (single-item question -'In general, are you afraid of falling?'), gait speed with and without a cognitive dual-task at preferred pace and fast walking (GAITRite®), balance performance tests (one-leg stance, and modified figure of eight), and physical function (Late-Life Function and Disability Instrument). Results: Both intervention groups significantly improved their fall-related self-efficacy as compared to the controls (p ⩽ 0.034, 4 points) and improved their balance performance. Significant differences over time and between groups in favour of the intervention groups were found for walking speed with a dual-task (p=0.003), at fast walking speed (p=0.008), and for advanced lower extremity physical function (p=0.034). Conclusions: This balance training program, including dual-and multi-task, improves fall-related selfefficacy, gait speed, balance performance, and physical function in older adults with osteoporosis.
Introduction
Falls and fall-related injuries are one of the most common causes of ill health and morbidity in older adults and lead to functional impairment, disability, lower quality of life, and fractures. 1 Fear of falling increases with age, is more common among women, and has been associated with an increased risk of falling 1 and fall-related injuries, 2 as are decreased walking speed, 3, 4 balance performance, 4 and physical function. 5 Walking speed is a strong independent predictor of self-perceived function in older adults, 6, 7 and older people with the ability to walk faster than 1 m/s have generally good functional status, lower risk of health events, and better survival. 8 The ability to divide attention between a motor and a cognitive task, also known as dual-tasking, is a natural component of our daily activities and known to affect balance performance, gait, and the risk of falling in the elderly. 9 When performing two or more task simultaneously that are attention demanding, at least one of the task may deteriorate; 10 for example, an added cognitive task will influence gait pattern with lower walking speed as a result. 11 Osteoporosis is common among older people worldwide and older adults with osteoporosis have reduced balance control, gait performance, and an increased fear of falling. 12, 13 Taken together, this may lead to activity avoidance, decreased physical function and quality of life, as well as an increased risk of falling. 2 Falls by older people with osteoporosis can lead to consequences that may be both detrimental and of great cost to society. 14 A Cochrane review regarding exercises for improving balance control in older people concluded that there is weak evidence for several exercises such as gait, balance, coordination, and functional tasks, to be effective in improving balance in older adults, and that further high-quality methodological research is required. 15, 16 Our research group has developed a balance training program with functional and progressive tasks for older adults with balance problems. The program has been evaluated successfully in both short-and long-term perspectives, resulting in a reduced fear of falling and improved gait in healthy older adults who have a fear of falling and balance deficits. 17, 18 This intervention program now has been developed further for other groups of the elderly population, such as those with osteoporosis and the fear of falling, because this group has been shown to have an increased risk of falling and fallrelated injuries and fractures. 2 The aim of the present study was to evaluate the effects of a balance training program including dual-and multi-task exercises on fall-related selfefficacy, fear of falling, gait and balance performance, and physical function in older adults with osteoporosis with an increased risk of falling, as well as to evaluate whether additional physical activity would further improve the effects.
Materials and methods
The study was a randomized controlled trial (BETA-study; NCT01417598, ClinicalTrials.gov) with a 12-week follow-up. Data were collected from spring 2010 to autumn 2011. Communitydwelling older adults with osteoporosis and an increased risk of falling were recruited by advertisement in local newspapers in Stockholm County, the Swedish Osteoporosis Society, and Karolinska University Hospital. Osteoporosis was defined as a bone mineral density value of ≥ 2.5 standard deviations below the mean seen in young female subjects. 25 Inclusion criteria included: age ≥65 years with diagnosed osteoporosis, being afraid of falling and/or having experienced at least one fall in the last 12 months, and independence in ambulation. Participants were excluded if they had experienced fractures during the last year, had a Mini-Mental State Examination (MMSE) score < 24, 19, 20 severely decreased vision, or other diseases or constraints that might interfere with participation in the exercise program. The study was approved by the local ethics committee in Stockholm, Sweden (2009/819-32, 2012/1829-32) , and all participants gave their written informed consent.
Participants were assessed by experienced physiotherapists at baseline and at the 12-week follow-up under the same conditions. Baseline testing included a learning session where the participants performed all the physical measurements once. Subsequently, the sessions started randomly with either questionnaires or physical assessments. After the baseline testing, the subjects were randomized in blocks of nine into three different groups: two intervention groups (Training, and Training+Physical activity), or a Control group, using Web-based software. The test leaders were blinded to group allocation at baseline; however, it was no longer possible after baseline testing, because some of the test leaders were also involved in the balance training. Sample size was calculated on the primary outcome measure Falls Efficacy Scale-International on data from a previous study by Halvarsson and colleagues, 17 resulting in 21 subjects in each group.
The balance training was performed in groups of six to10 participants, 45 minutes/session, and three times/week for 12 weeks. Two to three physiotherapists were present at each session to ensure the participants' safety and to make progression of the balance tasks possible. The training comprised exercises targeting various systems for postural control, such as stability limits (changes in base of support during sitting and standing, reaching/leaning), sensory orientation (walking/standing/sitting on uneven surfaces, eyes open/closed), gait (walking at different pace and/or performing dual-and multi-task -i.e., by adding cognitive or/and motor tasks to an exercise), and postural responses (reactions to balance loss that will occur when the balance is highly challenged). The exercises were performed on three different levels (basic, moderate, and advanced), enhancing progression, and making it challenging for each individual. Exercises were individually adjusted to be challenging for each participant; for example, during sitting, standing, or walking on a compliant surface, the surfaces had different density and size depending on the individual's level. 21 Participants needed to attend at least 24 of 36 possible training sessions (66%) to be included in the follow-up assessments.
In addition to the training program, participants in the Training+Physical activity group were instructed to walk for at least 30 minutes, three times/week (preferably with poles, i.e., Nordic walking) during the intervention period and keep notes of how many minutes and times/week they walked. Participants in the Control group were encouraged to live their regular lives and were offered the same balance training at the end of the study.
The primary outcome was fall-related self-efficacy as measured by the Falls Efficacy Scale -International (FES-I). [22] [23] [24] Secondary outcomes were effects for fear of falling, gait, balance, physical function, and physical activity level. Fear of falling was measured with a single-item question -'In general, are you afraid of falling?' -with possible responses being 'not at all', 'a little', 'quite a bit', and 'very much'. 25 To measure gait speed, the GAITRite® system (CIR Systems, Inc., Haverton, PA, USA), 26, 27 was used. Participants walked at their preferred speed with and without a cognitive dual-task (reciting every second letter of the Swedish alphabet), as well as at their maximal speed. Six trials for each condition were collected, and a mean of each condition was used for analysis. The test leaders registered the total number of letters recited and the total number of errors.
Balance performance was assessed with the one-leg stance and the modified figure-of-eight test. For the one-leg stance, subjects stood alternately on the right or the left leg for as long a time as possible (maximum 30 seconds) with their hip and knee slightly flexed, arms hanging down and eyes open, [28] [29] [30] three times/leg, and a mean of all six measures was used for analysis. The modified figure-of-eight test consisted of two circles (ø163 cm) forming a figure of eight. The test leader measured the time taken to complete two figures of eight and noted the number of oversteps (i.e., occasions when no part of the shoe touched the taped line). 29 The modified figure-of-eight was performed three times and a mean was used for analysis.
To assess self-reported physical function, the function component of the Late-Life Function and Disability Instrument (LLFDI) was used. 31, 32 The function component evaluates self-reported difficulties in performing 32 physical activities comprised of three subscales: upper extremity, basic lower extremity, and advanced lower extremity.
Physical activity level was assessed with the Frändin-Grimby activity scale, 33 which includes physical activity, exercise, and household activities, ranging from 1 (hardly any physical activity) to 6 (hard or very hard exercise regularly, and several times a week).
For statistical calculations, PASW Statistics version 20.0 (SPSS Inc., Chicago, IL, USA) was used. Data are presented as means, ± standard deviations (SD), medians, minimum (min) maximum (max), number of (n), and percentage (%). To analyse differences for ordinal variables or not-normally distributed variables (Falls Efficacy Scale -International, one-leg stance, modified figure-of-eight, and physical activity level), the difference between the two test occasions was calculated, and the Kruskall-Wallis test and the Mann-Whitney U-test were used for comparisons between groups. For within-group comparisons, the Wilcoxon signed-rank test was used. Normally distributed quantitative data (gait speed and Late-Life Function and Disability Instrument) were investigated with two-factor, repeated measures analysis of variance (ANOVA) as a mixed design (General Linear Model), with a main effect of factor 1 (time) and factor 2 (group), and interaction effects of factors 1 and 2. P-value was set to ⩽ 0.05.
Results
A total of 351 persons reported their interest to take part in the study. Ninety-six (94 women and 2 men) met the inclusion criteria and were randomly allocated to: Training group (n=34), Training+Physical activity (n=31), or a Control group (n=31). The mean age was 76 years (range: 66-87), and 78% had experienced a fall during the previous year. During the follow-up period, 27 dropped out resulting in just 69 participants fulfilling the entire study period (Training group: n=25, Training+Physical activity group: n=18, and Control group: n=26); see Figure 1 . There were no significant differences (p ⩽ 0.05) at baseline between the three groups, except for physical activity level (p = 0.045), with a significant difference between Training group and Training+Physical activity group (p = 0.008). There were no significant differences between the drop-outs and those fulfilling the study. For baseline characteristics of the 69 participants who fulfilled the study period, see Table 1 . Adherence rates to the training sessions were 89%, with a range of 66-100%. All except one participant in the Training+Physical activity group fulfilled the added physical activity intervention. According to the notes the participants in the Training group were regularly physically active as compared to the Training+Physical activity group, and there were no differences in which activities they performed. Consequently, there were no differences between these two groups regarding the intervention.
All the three groups had significantly improved their fall-related self-efficacy, measured with the Falls Efficacy Scale -International, from baseline to follow-up. Further analysis also revealed that both training groups had a significantly larger improvement on the Falls Efficacy Scale -International score as compared to the Control group.
No significant change from baseline to followup was found for fear of falling between the three groups. However, both intervention groups had a significant decrease in fear of falling from baseline to follow-up; see Table 2 .
No significant interaction was shown for preferred walking speed. However, both training groups increased their preferred walking speed from baseline to follow-up while the Control group remained unchanged.
At fast speed, a significant interaction was shown, revealing that Training group (0.13 m/s) and Training+Physical activity group (0.10 m/s) significantly increased their fast walking speed from baseline to follow-up. During walking at preferred speed with a cognitive dual-task, a significant change was shown over time and between groups, revealing that only the Training+Physical activity group significantly increased their walking speed during dual-task condition (0.14 m/s). See Table 2 .
There were no significant differences from baseline to follow-up for both one-leg stance and modified figure-of-eight when comparing the three groups (Table 2 ). However, within-group analysis revealed that both training groups increased their time in one-leg stance (5.5s -11.9s) from baseline to follow-up, and the Training+Physical activity Within-group analysis, from baseline to follow-up, revealed significant improvement for the two training groups in the total score and in the subscale basic lower extremity scores; additionally, the Training group also increased their upper extremity function.
No significant differences between groups were shown at follow-up for physical activity level; however, within-group analysis revealed that the Training+Physical activity group significantly increased their physical activity level from baseline to follow-up. See Table 2 .
Since there were no differences when comparing the two groups for physical activity level and which activity performed, in other words, the added physical activity in the Training+Physical activity group, the two training groups were merged into one Intervention group. This resulted in significant differences between the groups over time; in other words, the differences were more pronounced when analysing the two groups now called Intervention compared to the Control group.
Further analysis revealed that the Intervention group had significantly improved in all variables measured from baseline to follow-up, except for time in modified figure of eight (p=0.056). See Table 3 .
Discussion
This balance training program focusing on dualand multi-task exercises improves fall-related selfefficacy in older adults with osteoporosis, as well as preferred walking speed with and without a cognitive dual-task, fast walking, and self-reported physical function. However, it is unclear if added physical activity gives additional benefits to the balance training program, as all participants already were regularly physically active as recommended.
After the intervention, the fall-related selfefficacy as measured with the Falls Efficacy Scale -International, decreased in all groups, a similar finding to our previous study on healthy older people at risk of falling. 23 The Falls Efficacy Scale -International score has to change more than 2.9 points to ensure a clinically relevant change between groups. 24 In the present study, both training The Kruskall-Wallis test was used to analyse differences between groups over time for the FES-I, OLS, and MFE; a two-factor repeated-measures ANOVA was used for gait speed and physical function. SD: standard deviation, FES-I: Falls Efficacy Scale International, OLS: one leg stance, MFE: modified figure-of-eight test, LLFDI: Late Life Disability and Function Instrument. Significance level at ⩽ 0.05 is marked by bold type. Effect size for non-parametric data and Cohen′s d for independent samples. Table 3 . Median, min-max, mean, SD for FES-I, OLS, MFE, gait speed during preferred speed with and without a cognitive dual-task, fast speed, physical function assessed with LLFDI at baseline and at 12-weeks' follow-up for the two groups (Intervention (both training groups) and Control). (14) 17 (11) 0.010 23 (14) 17 ( The Mann-Whitney U-test was used to analyse differences between groups over time for the FES-I, OLS, and MFE; a two-factor repeated-measures ANOVA was used for gait speed and physical function. Fear of falling leads to self-restricted physical activity and avoidance of activities that may leads to a fall, 2 which may have a great impact on activities in daily living and lead to dependency. It is important, especially among older people, to reduce the level of the fear of falling and improve fall-related self-efficacy.
During daily life situations, it is important to be able to increase gait speed, especially as when crossing the street or avoiding obstacles. Previous research has shown that an improvement of 0.10 m/s in walking speed is considered a substantial change, 34 and impacts daily life in a positive way-that is, it improves physical function and quality of life. 7 After participating in the balance training program, the participants were able to increase their fast walking speed by more than 0.10 m/s. When merging the two training groups together, we also found improvement in preferred walking speed (0.8 m/s).
Walking with a dual-task reflects activities in daily life in which we perform tasks simultaneously, for example while walking and talking to someone. The Training+Physical activity group significantly increased their walking speed during the dual-task condition by 0.14 m/s after the intervention as compared to baseline. However, the Training+Physical activity group had lower baseline values and, therefore, may have had a greater potential to improve during the study period. In line with this supposition, both training groups walked at similar speed during dual-tasking at follow-up.
The lack of improvement in balance performance when comparing the three groups may indicate a problem with power, as when merging the two training groups to one intervention group, we found significant improvements in one leg stance and modified figure of eight.
We also observed a significant decrease of over steps in the modified figure of eight, which may indicate a better balance performance with the ability to walk with less over steps during the same measured time. Our results for time and over steps correspond well with data from a cross-sectional study on community-dwelling older adults that consider themselves healthy. 29 The balance training program in the present study includes exercises that place a demand on the lower extremities and particularly on more advanced functions, such as walking on various terrains, over obstacles, and on different surfaces (slippery or uneven). The fact that participants improved self-rated physical function, as measured with the Late-Life Function and Disability Instrument with respect to advanced lower extremity function, supports that the program was successful.
That the sample was highly skewed in gender distribution (two men) might be seen as a limitation of the generalizability of the results, and the results, therefore, may not be valid for men. However, more women are diagnosed with osteoporosis, 35 perceive a higher-level fear of falling, 1 and may be more conscious of their balance deficits than men and, therefore, may be more interested in participating in this type of study.
The lack of blinding of the assessors after baseline testing could be considered as a bias. However, in the present study, there were always two assessors present during the physical tests in order to ensure that the participants got the same standardized instructions and that the tests were performed in the same way.
In the present study, only the analyses of shortterm effects of the balance training program for those who fulfilled the study period, per protocol analysis, have been performed. Hence, the authors could not interpret the long-term effects of this study. It is therefore of interest to evaluate the longterm effects and also include an intention-to-treat analysis.
During the follow-up period, 27 participants dropped out, mostly in the training groups. By observing the descriptive data, the Training+Physical activity group seems to have had more difficulties with their balance performance and physical function in comparison with the other groups. This may be one explanation for the dropout rate in the Training+Physical activity group. The analyses of the dropouts revealed no differences regarding causes to drop out.
Analysing the two training groups regarding physical activity level and performed activity, no differences were found between groups; in other words, the addition of physical activity in one of the groups did not lead to any further benefits, as all participants in the training groups reached the recommended level for added physical activity.
It would be of interest, and a complement to these results, to know the participants' perceptions of the fear of falling, physical function, and balance performance after participation in this balance training program. However, this would require a qualitative research designed study. It would also be of interest to know the long-term effects of this intervention, and if the improvements we have seen in the short-term persist over time.
For further analysis and evaluation of this balance training program, the authors will take the group constellation into consideration, since there were no differences in the performed intervention between the two training groups. Having three groups may have led to a lack of power. Therefore, the authors of the present study suggest that further analysis of this balance training program in this randomized controlled trial should be performed on two groups; in other words, on one intervention group (were the two training groups are merged) and one Control group.
Clinical messages
• • Balance training with dual-and multitask successfully improves fall-related self-efficacy, gait speed, balance performance and physical function in older adults with osteoporosis. • • It is unclear if added physical activity gives additional benefits to the balance training program.
